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DESCRIPTION 

METHOD FOR RECYCLING THERMAL INSULATION MATERIAL, 
RECYCLED ARTICLE AND REFRIGERATOR 

TECHNICAL FIELD 

The present invention relates to a method for 
recycling thermal insulation material containing rigid 
urethane foam and vacuum insulation material which has 
inorganic material as the core material, and also relates 
to a recycled article and a refrigerator. 

BACKGROUND ART 

In recent years, in terms of environmental 
protection, the recycling of waste household electric 
appliances such as refrigerators and TV sets has been 
an extremely important issue, and various measures have 
been taken for this purpose. 

In addition, from the importance of prevention of 
global warming, which is a global environment issue, 
energy conservation is considered essential and has also 
been pursued towards consumer-oriented products. Under 
such circumstances, a particularly remarkable 
improvement in performance is observed in foam insulation 
materials such as rigid urethane foam used in 
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refrigerators, freezers, showcases and the like, while 
vacuum insulation materials and high-performing thermal 
insulated boxes utilizing these materials have been 
heavily developed. Furthermore, various measures have 
5 been taken for the recycling of these materials. 

For example, Japanese Patent Laid-Open Application 
No. 2001-183054 suggests an approach to recycling foamed 
urethane used as the thermal insulation material in 
refrigerators; in this approach, regenerated polyol is 

10 used as a component of urethane raw solution. Japanese 
Patent Laid-Open Application No. HlO-310663 suggests an 
approach to decomposing and recycling polyurethane 
resin; in this approach, polyurethane resin is chemically 
decomposed by using water in a supercritical or 

15 subcritical state, thus recovering raw material 
compounds and utilizable raw. material derivatives of 
polyurethane resin. 

However, so far, no consideration has been taken 
of the recycling of rigid urethane foam and vacuum 

20 insulation material used together, and they have probably 
been buried as mixed waste materials, without being 
recycled. With an expectation of increasing application 
of vacuum insulation material in the future to achieve 
higher insulation, it is extremely important to think 

25 about effective recycling. 
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When used in a thermal insulated box like a 
refrigerator, vacuum insulation material is generally 
used with rigid urethane foam. However, the vacuum 
insulation material comes into intimate contact with the 
5 highly adhesive urethane foam, thus making it extremely 
difficult to separate the vacuum insulation material only. 
This results in disposing both materials without 
separating them from each other. Such mixed waste 
materials containing different kinds of materials do not 
10 have a uniform quality, so that if they are used for 
recycled products, the recycled products do not have a 
uniform quality, and are not suitable for industrial 
products. 

For industrial recycling, it is most important that 
15 mixed waste materials have a uniform quality. 

SUMMARY OF THE INVENTION 

In view of the aforementioned problems , the present 
invention has an object of contributing to the recycling 

20 of thermal insulation material containing rigid urethane 
foam and vacuum insulation material. In order to achieve 
the object, the present invention provides a method for 
recycling thermal insulation material in such a manner 
that mixed waste materials can have a uniform quality 

25 and be reused at high quality, and also provides a 
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recycled article. The present invention also provides 
a refrigerator that enables mixed waste materials to have 
a uniform quality and to be reused at high quality in 
order to contribute to the recycling of thermal 
5 insulation material containing rigid urethane foam and 
vacuum insulation material, and also to contribute to 
an improvement in the rate of recycling of waste 
refrigerators . 

In order to achieve the aforementioned objects, the 

10 method for recycling thermal insulation material 
according to the present invention at least includes an 
inorganic material content adjusting process for 
adjusting the percentage of inorganic material content 
in mixed materials containing rigid urethane foam and 

15 inorganic material, thus making the quality of the mixed 
materials uniform. As a result, waste thermal 
insulation materials containing rigid urethane foam and 
vacuum insulation material which has inorganic material 
as the core material can be reused at high quality. 

20 A recycled article according to the present 

invention is made from waste thermal insulation materials 
containing rigid urethane foam and vacuum insulation 
material which has inorganic material as the core 
material. The recycled article is characterized by 

25 undergoing at least an inorganic material content 
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adjusting process for adjusting the percentage of 
inorganic material content in mixed materials containing 
rigid urethane foam and inorganic material, thus making 
the quality of the mixed materials uniform. As a result, 
5 the waste thermal insulation materials containing rigid 
urethane foam and vacuum insulation material which has 
inorganic material as the core material can be reused 
at high quality. The refrigerator according to the 

present invention is provided with vacuum insulation 

10 material which has inorganic material as the core 
material and with rigid urethane foam, and the 
refrigerator is characterized by having a means for 
indicating the use of the vacuum insulation material in 
the refrigerator. With this characteristic, the 

15 refrigerator can be subjected to an appropriate recycling 
procedure indented for refrigerators containing vacuum 
insulation material . 

As a result, waste thermal insulation materials 
containing vacuum insulation material which has 
20 inorganic material as the core material can be reused 
as the recycled article of high quality, 

BRIEF DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig. 1 is a flowchart depicting a first embodiment 
25 of the recycling method according to the present 
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invention. 

Fig. 2 is a flowchart depicting a second embodiment 
of the recycling method according to the present 
invention. 

5 Fig. 3 is a flowchart depicting a third embodiment 

of the recycling method according to the present 
invention . 

Fig. 4 is a flowchart depicting a fourth embodiment 
of the recycling method according to the present 
10 invention. 

Fig. 5 is a flowchart depicting a fifth embodiment 
of the recycling method according to the present 
invention . 

Fig. 6 is a flowchart depicting a sixth embodiment 
15 of the recycling method according to the present 
invention - 

Fig. 7 is a cross sectional view of a particle board 
in a seventh embodiment of a recycled article according 
to the present invention. 
20 Fig. 8 is a view of vacuum insulation material in 

an eighth embodiment of the recycled article according 
to the present invention. 

Fig. 9 is a cross sectional view of a particle board 
in a ninth embodiment of the recycled article according 
25 to the present invention. 



Fig. 10 is a cross sectional view of vacuum 
insulation material in a tenth embodiment of the recycled 
article according to the present invention . 

Fig. 11 is a schematic view of an eleventh 
embodiment of a refrigerator according to the present 
invention . 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention is characterized in that the 
recycling procedure for thermal insulation material 
containing rigid urethane foam and vacuum insulation 
material which has inorganic material as the core 
material at least includes an inorganic material content 
adjusting process for adjusting the percentage of 
inorganic material content in mixed waste materials 
containing rigid urethane foam and inorganic material. 
The present invention provides a method for recycling 
thermal insulation material in such a manner that mixed 
waste materials containing rigid urethane foam and 
inorganic material can have a uniform quality and be 
reused as high quality materials, and also provides a 
recycled article and a refrigerator. The present 
invention can thus facilitate to make the mixed waste 
materials containing rigid urethane foam and inorganic 
material have a uniform quality and be reused as high 



quality materials . 

The embodiments of the present invention will be 
described in detail as follows with reference to Figs. 
1 to 10, The present invention, however, is not limited 
5 to these embodiments. 

FIRST EXEMPLARY EMBODIMENT 

Fig. 1 is a flowchart depicting a method for 
recycling refrigerators and a method for producing a 
particle board as a recycled article according to a first 
10 embodiment. 

The procedural steps will be described with 
reference to Fig. 1. In Fig. 1, waste refrigerators 
which have been carried to a waste- treatment facility 
first undergo discriminating process 1 so as to be divided, 
15 in accordance with the indications on the outer boxes 
of the refrigerators, into refrigerators containing 
vacuum insulation material which has inorganic material 
as the core material and rigid urethane foam (hereinafter 
referred to as the multi thermal insulation material type 
20 refrigerators), and refrigerators containing rigid 
urethane foam, but not vacuum insulation material 
(hereinafter referred to as the single thermal insulation 
material type refrigerators). 

Next, the multi thermal insulation material type 
25 refrigerators and the single thermal insulation material 
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type refrigerators undergo removing process 2 for 
removing valuables such as compressors and refrigerants 
in the freezers, and then proceed to pulverizing process 
3 where sorting operation 4 is performed. In sorting 
5 operation 4, pulverized waste materials are sorted into 
predetermined kinds of materials by using magnetic force, 
wind force or other means so as to be recovered. The waste 
thermal insulation materials sorted in this process 
undergo foaming gas recovering process 5 where foaming 

10 gas contained in the rigid urethane foam is recovered. 

The multi thermal insulation material type 
refrigerators and the single thermal insulation material 
type refrigerators can take turns in using the facilities 
for pulverizing process 3, sorting operation process 4 

15 and foaming gas recovering process 5. When the single 
thermal insulation material type refrigerators are 
treated after the multi thermal insulation material type 
refrigerators are treated, it is preferable to clean 
inside the facilities for these processes in order to 

20 remove inorganic material remaining in the facilities. 

After the recovery of the foaming gas, the waste 
thermal insulation materials which have been discharged 
from the multi thermal insulation material type 
refrigerators and single thermal insulation material 

25 type refrigerators are stored respectively in different 



1 



10 



recovery towers 61 and 62 for waste thermal insulation 
materials. In recovery tower 61 with the waste thermal 
insulation materials recovered from the multi thermal 
insulation material type refrigerators, the percentage 
5 of inorganic material content in the waste materials is 
measured to use the information when the waste thermal 
insulation materials are mixed with the waste thermal 
insulation materials recovered from the single thermal 
insulation material type refrigerators in the subsequent 

10 inorganic material content adjusting process ?• 

In inorganic material content adjusting process 7, 
based on the measurement results of the percentage of 
inorganic material content, appropriate amounts are fed 
from the respective recovery towers 61 and 62 into mixer 

15 8 so as to prepare mixed waste materials whose inorganic 
material content has been adjusted. The inorganic 
material content here is not less than 0.01% nor more 
than 99.99%, and is adjusted in accordance with the 
required physical properties of the recycled article: 

20 In the first embodiment, the appropriate percentage of 
inorganic material content is not less than 0.01% nor 
more than 10%, and more preferably, not less than 0.01% 
nor more than 2%. When the particle board needs to have 
high bending strength, it is preferable that the 

25 percentage of inorganic material content is low. 
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In the subsequent waste material processing process 
9, the mixed waste materials whose inorganic material 
content has been adjusted are subjected to an appropriate 
grain size adjustment in grain size adjusting process 
5 10. After being subjected to mixing process 11 for being 
mixed with timber chips and binder, and pressure molding 
process 12, the mixed waste materials are formed into 
particle board 13. Here, the mixture with the timber 
chips and binder is optional, and the amounts to be added 

10 are not restricted. 

The particle board is thus formed by pressurizing 
the mixed waste materials whose inorganic material 
content has been adjusted and which contain rigid 
urethane foam and inorganic material, so that it can have 

15 strength as a board member. In this manner, thermal 
insulation materials containing rigid urethane foam and 
vacuum insulation material which has inorganic material 
as the core material can be reused as high quality 
materials. 

20 SECOND EXEMPLARY EMBODIMENT 

Fig. 2 is a flowchart depicting a method for 
recycling refrigerators and a method for producing vacuum 
insulation material as a recycled article according to 
a first embodiment. 

25 The procedural steps will be described with 
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reference to Fig. 2. In Fig. 2, waste refrigerators 
which have been carried to a was te- treatment facility 
first undergo discriminating process 1 so as to be divided, 
in accordance with the indications on the outer boxes 
of the refrigerators, into multi thermal insulation 
material type refrigerators with a glass fiber assembly 
as the core material, and single thermal insulation 
material type refrigerators. 

Next, valuables such as compressors and 
refrigerants in the freezers are removed from the multi 
thermal insulation material type and single thermal 
insulation material type refrigerators, and then the 
remaining waste materials are sorted into predetermined 
kinds of materials so as to be recovered. Then, foaming 
gas contained in the rigid urethane foam in the sorted 
thermal insulation materials is recovered in foaming gas 
recovering process 5. 

After the recovery of the foaming gas, the waste 
thermal insulation materials which have been discharged 
from the multi thermal insulation material type and 
single thermal insulation material type refrigerators 
are stored respectively in different recovery towers 61 
and 62 for waste thermal insulation materials. In 
recovery tower 61 with the waste thermal insulation 
materials recovered from the multi thermal insulation 
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material type refrigerators, the percentage of inorganic 
material content in the waste materials is measured to 
use the information when the waste thermal insulation 
materials are mixed with the waste thermal insulation 
5 materials recovered from the single thermal insulation 
material type refrigerators in the subsequent inorganic 
material content adjusting process. 

In inorganic material content adjusting process 7, 
based on the measurement results of the percentage of 

10 inorganic material content, appropriate amounts are fed 
from the respective recovery towers 61 and 62 into mixer 
8 so as to prepare mixed waste materials whose inorganic 
material content has been adjusted. The inorganic 
material content here is not less than 0.01% nor more 

15 than 99 . 99%, and is adjusted in accordance with the 
required physical properties of the recycled article. 
In the second embodiment, the appropriate percentage of 
inorganic material content is not less than 0.1% nor more 
than 60%, and more preferably, not less than 0.5% nor 

20 more than 40% . When reused as the core material of vacuum 
insulation material, the Inorganic material functions 
as an modifier for the filling performance of waste rigid 
urethane foam, so that the optimum amount to be added 
is determined by the size of the surface area of the rigid 

25 urethane foam powder. 
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In the subsequent waste material processing process 
9 , the mixed waste materials whose inorganic material 
content has been adjusted are subjected to an appropriate 
powdering operation in the next process 14. Then in 
5 sealing process 15, the waste powder is sealed into a 
packaging member under a reduced pressure so as to obtain 
vacuum insulation material 16. 

In the second embodiment , the mixed waste materials 
containing rigid urethane foam and glass fiber assemblies 

10 have an appropriate percentage of glass fiber assembly 
content and are finely powered, thus improving the 
filling performance of the rigid urethane foam in the 
form of a fine powder. As a result, in the vacuum 
insulation material thus produced, the pores formed by 

15 the rigid urethane foam powder have a minimized size even 
if the porosity is the same as the conventional one, so 
as to have high insulation properties. This makes it 
possible to reuse thermal insulation material containing 
rigid urethane foam and vacuum insulation material which 

20 has inorganic material as the core material as high 
quality material. 

THIRD EXEMPLARY EMBODIMENT 

Fig. 3 is a flowchart depicting a method for 
recycling refrigerators containing rigid urethane foam 

25 and vacuum insulation material which has inorganic 
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material as the core material (the multi thermal 
insulation material type refrigerators), and a method 
for producing a particle board as a recycled article 
according to a third embodiment. 

The procedural steps will be described with 
reference to Fig. 3. 

Waste refrigerators which have been carried to a 
waste- treatment facility first undergo discriminating 
process 1 so as to be divided, in accordance with the 
indications on the outer boxes of the refrigerators, into 
the multi thermal insulation material type refrigerators 
and single thermal insulation material type 
refrigerators. The term "single thermal insulation 
material type refrigerators" indicate refrigerators 
which have only rigid urethane foam as the thermal 
insulation material • 

Next, the multi thermal insulation material type 
refrigerators undergo removing process 2 for removing 
valuables such as compressors and refrigerants in the 
freezers, and then proceed to separating process 17 where 
the rigid urethane foam and the vacuum insulation 
material are cut out as integral units. Separating 
process 17 prevents the integral units from being 
pulverized together with other units, thus making the 
sorting operation either unnecessary or very simple. 
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After the integral units of the waste thermal 
insulation materials undergo grinding operation 18, 
foaming gas contained in the thermal insulation materials 
is recovered in recovering process 5. The grinding 
5 operation is not the only approach available for the 
recovery of the foaming gas. 

After the recovery of the foaming gas, the mixed 
waste materials containing rigid urethane foam and 
inorganic material which have been discharged from the 

10 multi thermal insulation material type refrigerators are 
stored in recovery tower 61 for waste thermal insulation 
materials. The percentage of inorganic material content 
in the waste materials which is measured in this process 
is used in the subsequent inorganic material content 

15 adjusting process. 

In inorganic material content adjusting process 7, 
inorganic material is sorted out by air sorter 19 by 
making use of the difference in specific gravity between 
the rigid urethane foam and the inorganic materials The 

20 operating conditions of air sorter 19 are determined 
based on the measurement results of the percentage of 
inorganic material content in the previous process 7. 
As the result of this operation, mixed waste materials 
whose inorganic material content has been adjusted are 

25 obtained. The inorganic material content here is not 
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less than 0.01% nor more than 99.99%, and is adjusted 
in accordance with the required physical properties of 
the recycled article. In the third embodiment, the 
appropriate percentage of inorganic material content is 
5 not less than 0.01% nor more than 10% , and more preferably, 
not less than 0.01% nor more than 2%, When the particle 
board needs to have high bending strength, it is 
preferable that the percentage of inorganic material 
content is low. 

10 In the subsequent waste material processing process 

9, the mixed waste materials whose inorganic material 
content has been adjusted are subjected to an appropriate 
grain size adjustment (grain size adjusting process 10) 
depending on their uses . After being subjected to mixing 

15 process 11 for being mixed with timber chips and binder, 
and pressure molding process 12, the mixed waste 
materials are formed into particle board 13. 

Since being produced by pressurizing the mixed 
waste materials whose inorganic material content has been 

20 adjusted and which contain rigid urethane foam and 
inorganic material, the particle board can have strength 
as a board member. In this manner, thermal insulation 
materials containing rigid urethane foam and vacuum 
insulation material which has Inorganic material as the 

25 core material can be reused at high quality. 
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Since the adjustment of the percentage of inorganic 
material content is done by removing some amount of the 
inorganic material, it is of course possible to reduce 
the percentage of inorganic material content , or even 
5 to Increase the percentage of inorganic material content 
by adding a desired amount of the removed inorganic 
material- It is also possible, by selecting the removal 
method and removal conditions, to classify into two 
groups of waste materials: one group of waste materials 

10 with decreased inorganic material content and the other 
group of waste materials with increased inorganic 
material content. Furthermore, the provision of 
separating process 3 prevents the integral units from 
being pulverized together with other units, thus forming 

15 particle board 13 with very few impurities. 
FOURTH EXEMPLARY EMBODIMENT 

Fig. 4 is a flowchart depicting a method for 
recycling refrigerators containing rigid urethane foam 
and vacuum insulation material which has inorganic 

20 material as the core material (the multi thermal 
insulation material type refrigerators), and a method 
for producing vacuum insulation material as a recycled 
article according to a fourth embodiment. 

The procedural steps will be described with 

25 reference to Fig. 4. 



19 



Waste refrigerators which have been carried to a 
waste-treatment facility first undergo discriminating 
process 1 so as to be divided, based on the information 
stored in an electronic medium, into multi thermal 
5 insulation material type refrigerators and single 
thermal insulation material type refrigerators . In this 
process, the weight of inorganic material and the weight 
of rigid urethane foam are also read. These pieces of 
information are used in inorganic material content 

10 adjusting process 7, or could be used for recycling 
process management. 

Next, the multi thermal insulation material type 
refrigerators having a glass fiber assembly as the core 
material undergo removing process 2 for removing 

15 valuables such as compressors and refrigerants in the 
freezers, and then proceed to separating process 17 where 
the rigid urethane foam and the vacuum insulation 
material are cut out as integral units. The separating 
process prevents the integral units from being pulverized 

20 together with other units, thus making the sorting 
operation either unnecessary or very simple. 

After the integral units of the waste thermal 
insulation materials undergo grinding operation 18, 
foaming gas contained in the rigid urethane foam is 

25 recovered in recovering process 5. In grinding 
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operation 18, the rigid urethane foam and the glass fiber 
assemblies are both finely crushed, but the glass fiber 
assemblies are crushed more finely because of their 
brittleness. 

5 After the recovery of the foaming gas, the mixed 

waste materials containing the rigid urethane foam and 
the glass fiber assemblies are stored in recovery tower 
61 for waste thermal insulation materials. Since the 
information on the inorganic material weight and rigid 

10 urethane foam weight is obtained in discriminating 
process 1, in recovery tower 61 there is no need for the 
measurement of the percentage of Inorganic material 
content in the waste materials recovered from the multi 
thermal insulation material type refrigerators. 

15 In inorganic material content adjusting process 7, 

the glass fiber assemblies are sorted out by classifier 
20 by making use of the difference in grain size between 
the rigid urethane foam and the glass fiber assemblies. 
The operating conditions of classifier 20 are determined 

20 based on the information obtained in the discriminating 
process • By this operation , mixed waste materials which 
contain rigid urethane foam and whose inorganic material 
content has been adjusted are obtained. The inorganic 
material content here is not less than 0.01% nor more 

25 than 99.99%, and is adjusted in accordance with the 
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required physical properties of the recycled article. 
In the fourth embodiment, the appropriate percentage of 
Inorganic material content Is not less than 0.1% nor more 
than 60%, and more preferably, not less than 0.5% nor 
5 more than 40%. When reused as the core material of vacuum 
Insulation material, the Inorganic material functions 
as a modifier for the filling performance of waste rigid 
urethane foam. So the optimum amount of Inorganic 
material to be added Is determined by the size of the 

10 surface area of the rigid urethane foam powder. 

In the subsequent waste material processing process 
9 , the mixed waste materials whose Inorganic material 
content has been adjusted are subjected to appropriate 
powdering operation 14, and after undergoing sealing 

15 process 15 for sealing the waste powder into a packaging 
member under a reduced pressure, vacuum insulation 
material 16 is obtained. 

The inorganic material in the mixed waste materials 
containing rigid urethane foam and inorganic material 

20 has the effect of improving the filling performance of 
the rigid urethane foam powder by being adjusted the 
percentage of its content and being finely powdered. 

The vacuum insulation material produced in 
accordance with the method of the fourth embodiment can 

25 have high Insulation properties by minimizing the size 



22 

of pores formed by the rigid urethane foam powder. In 
this manner^ thermal insulation materials containing 
rigid urethane foam and vacuum insulation material which 
has inorganic material as the core material can be reused 
5 at high quality. 

Furthermore, the provision of separating process 
3 prevents the integral units from being pulverized 
together with other units , thus forming vacuum insulation 
material 16 with very few impurities. 

10 FIFTH EXEMPLARY EMBODIMENT 

Fig. 5 is a flowchart depicting a method for 
recycling refrigerators containing rigid urethane foam 
and vacuum insulation material which has dry silica 
powder as the core material (the multi thermal insulation 

15 material type refrigerators) , and a method for producing 
vacuum insulation material as a recycled article 
according to a fifth embodiment. 

The procedural steps will be described with 
reference to Fig. 5. 

20 Waste refrigerators which have been carried to a 

waste- treatment facility first undergo discriminating 
process 1 so as to be divided, based on the information 
stored in an electronic medium, into the multi thermal 
insulation material type refrigerators and single 

25 thermal insulation material type refrigerators. In this 
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process, the weight of inorganic material and the weight 
of rigid urethane foam are also read. These pieces of 
information are used in inorganic material content 
adjusting process 7, or could be used for recycling 
5 process management. 

Next, the multi thermal insulation material type 
refrigerators having dry silica powder as the core 
material undergo removing process 2 for removing 
valuables such as compressors and refrigerants in the 
10 freezers, and then proceed to separating process 17 where 
the rigid urethane foam and the vacuum insulation 
material are cut out as integral units. The separating 
process prevents the integral units from being pulverized 
together with other units, thus making the sorting 
15 operation either unnecessary or very simple. 

As the result that the integral units of the waste 
thermal insulation materials undergo grinding operation 
18, foaming gas contained in the rigid urethane foam is 
recovered in recovering process 5. In this grinding 
20 operation, the rigid urethane foam is ground to fine 
powder, while the dry silica powder is originally smaller 
in size. 

After the recovery of the foaming gas, the mixed 
waste materials containing rigid urethane foam and dry 
25 silica powder are stored in recovery tower 61 for waste 
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thermal Insulation materials. Since the information on 
the inorganic material weight and rigid urethane foam 
weight is obtained in discriminating process 1, there 
is no need here for the measurement of the percentage 
of inorganic material content in the waste thermal 
insulation materials recovered from the multi thermal 
insulation material type refrigerators. 

In inorganic material content adjusting process 1 , 
the dry silica powder is sorted out by classifier 20 by 
making use of the difference in grain size between the 
rigid urethane foam and the dry silica powder. The 
operating conditions of classifier 20 are determined 
based on the information obtained in the discriminating 
process. By this operation, mixed waste materials 
containing rigid urethane foam whose inorganic material 
content has been adjusted are obtained. The inorganic 
material content here is not less than 0.01% nor more 
than 99.99%^ and is adjusted in accordance with the 
required physical properties of the recycled article. 
In the fifth embodiment, the appropriate percentage of 
inorganic material content is not less than 0.1% nor more 
than 60%, and more preferably, not less than 0.5% nor 
more than 40%. When reused as the core material of vacuum 
insulation material, the inorganic material functions 
as an modifier for the filling performance of waste rigid 
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urethane foam, so that the optimum amount of inorganic 
material to be added is determined by the size of the 
surface area of the rigid urethane foam powder. Here, 
modifying the filling performance means that the powder 
5 can be filled easily or densely. 

In the subsequent waste material processing process 
9, the mixed waste materials whose inorganic material 
content has been adjusted are subjected to appropriate 
powdering operation 14, and after undergoing sealing 

10 process 15 for sealing the waste powder into a packaging 
member under a reduced pressure, vacuum insulation 
material 16 is obtained. 

The filling performance of the rigid urethane foam 
powder can be modified or improved by adjusting the 

15 percentage of dry silica content in the mixed waste 
materials containing the rigid urethane foam and the dry 
silica. As a result, the vacuum insulation material 
produced in accordance with the method of the fifth 
embodiment can have high insulation properties because 

20 the size of pores formed by the rigid urethane foam powder 
is minimized. In this manner, thermal insulation 
materials containing rigid urethane foam and vacuum 
insulation material which has inorganic material as the 
core material can be reused at high quality. 

25 SIXTH EXEMPLARY EMBODIMENT 
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Fig. 6 is a flowchart depicting a method for 
recycling thermal insulation material containing rigid 
urethane foam and vacuum insulation material which has 
a glass fiber assembly as the core material (hereinafter, 
5 the multi thermal insulation materials), and a method 
for producing a glass fiber assembly as a recycled article 
according to a sixth embodiment* 

The procedural steps will be described with 
reference to Fig. 6. 

10 Waste thermal insulation materials which have been 

carried to a waste- treatment facility first undergo 
separating process 17 where the rigid urethane foam and 
the vacuum insulation material are cut out as integral 
units. Separating process 17 prevents the integral 

15 units from being pulverized together with other units, 
thus making the sorting operation either unnecessary or 
very simple. 

After the integral units of the waste thermal 
insulation materials undergo grinding operation 18, 
20 foaming gas contained in the thermal insulation materials 
is recovered in recovering process 5. 

After the recovery of the foaming gas, the mixed 
waste materials containing rigid urethane foam and 
inorganic material which have been discharged from the 
25 multi thermal insulation materials are stored in recovery 
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tower 61 for waste thermal insulation materials . In this 
process, the waste thermal insulation materials 
recovered from the multi thermal insulation materials 
are measured for the glass content, and this information 
is used in the subsequent inorganic material content 
adjusting process 7. 

In inorganic material content adjusting process 7, 
the glass fiber is sorted out by air sorter 19 by making 
use of the difference in specific gravity between the 
rigid urethane foam and the inorganic material. The 
operating conditions of air sorter 19 are determined 
based on the measurement results of the percentage of 
inorganic material content. The inorganic material 
content here is not less than 0.01% nor more than 99.99%, 
and is adjusted in accordance with the required physical 
properties of the recycled article. In the sixth 
embodiment, the appropriate percentage of inorganic 
material content is not less than 95% nor more than 99.99%, 
and more preferably, not less than 98% nor more than 
99.99%. Air sorting 19 allows mixed waste materials to 
be mainly composed of glass fiber by sorting them until 
the mixed waste materials have a maximum glass fiber 
content of 99.99%. 

In the subsequent waste material processing process 
9, the mixed waste materials mainly composed of glass 
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fiber are subjected to appropriate high- temperature 
melting operation 21, and then to centrifugation 22 so 
as to return to glass fiber assembly 23 • 
SEVENTH EXEMPLARY EMBODIMENT 
5 A cross sectional view of particle board 13 as a 

recycled article produced by the processes in the first 
embodiment is shown in Fig. 7 as an example of a seventh 
embodiment. In Fig. 7, particle board 13 mainly contains 
rigid urethane foam waste 24, inorganic material waste 

10 25 which used to be the core material of vacuum insulation 
material, timber chips 26 and binder 27. Since being 
made of the waste materials which have been pulverized 
in pulverizing process 3 and then sorted out by magnetic 
or wind force , particle board 13 contains some impurities 

15 28. The term "particle board" indicates a board made of 
organic or inorganic material in particulate or powdered 
form by using pressure, heat or binder. The particle 
board has only to contain the waste thermal insulation 
materials at least in part. 

20 EIGHTH EXEMPLARY EMBODIMENT 

A cross sectional view of vacuum insulation 
material 16 as a recycled article produced by the 
processes of the second embodiment is shown in Fig. 8 
as an example of an eighth embodiment. Vacuum insulation 

25 material 16 is formed of packaging member 29 containing 
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a metal foil layer and a thermoplastic polymer layer, 
and of a core material which is filled into packaging 
member 29 as the core material and which contains finely 
powdered rigid urethane foam waste 24 and glass fiber 
5 assembly waste 30 that used to be the core material of 
vacuum insulation material. The core material is dried 
for 1 hour at 140°C, and inserted into packaging member 
29. After the pressure inside is reduced down to 13.3 
Pa, the opening is bonded by a heat seal so as to produce 

10 vacuum insulation material 16. The vacuum insulation 
material thus obtained is checked for thermal 
conductivity by using Auto-X manufactured by EKO 
Instruments Co., Ltd. at an average temperature of 24°C 
to find that the thermal conductivity is 0.0060 

15 Kcal/m'h*°C with excellent insulation performance. 

In the vacuum insulation material thus formed, the 
finely powdered glass fiber assembly waste adheres to 
the surface of the finely powdered urethane foam waste 
so as to improve the filling performance of the finely 

20 powdered urethane foam waste, thus minimizing the pore 
size. As a result, the vacuum insulation material shows 
excellent insulation performance. 
NINTH EXEMPLARY EMBODIMENT 

A cross sectional view of particle board 13 as a 

25 recycled article produced by the processes in the third 
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embodiment is shown in Fig. 9 as an example of a ninth 
embodiment. Particle board 13 mainly contains rigid 
urethane foam waste 24 , inorganic material waste 25 which 
used to be the core material of vacuum insulation material, 
5 timber chips 26 and binder 27. 

Since being made of the waste materials which have 
been cut out as integral units of the rigid urethane foam 
and the vacuum insulation material in separating process 
3 without being pulverized together with other units, 

10 particle board 13 contains very few impurities. 
TENTH EXEMPLARY EMBODIMENT 

A cross sectional view of vacuum Insulation 
material 16 as a recycled article produced by the 
processes of the fourth embodiment is shown in Fig. 10 

15 as an example of a tenth embodiment . Vacuum insulation 
material 16 is formed of packaging member 29 containing 
a metal foil layer and a thermoplastic polymer layer, 
and of a core material which Is filled into packaging 
member 29 as the core material and which contains rigid 

20 urethane foam waste 24 and glass fiber assembly waste 
30 that used to be the core material of vacuum insulation 
material. The core material is dried for 1 hour at 140^C, 
and Inserted into packaging member 29. After the 
pressure inside is reduced down to 13.3 Pa, the opening 

25 is bonded by a heat seal so as to produce vacuum insulation 
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material 16. The vacuum Insulation material thus 
obtained is checked for thermal conductivity by using 
Auto-X manufactured by EKO Instruments Co., Ltd. at an 
average temperature of 24**C to find that the thermal 
5 conductivity is 0.0055 Kcal/m*h'*^C with further- 
excellent insulation performance. In the vacuum 
insulation material thus formed, the finely powdered 
inorganic material waste adheres to the surface of the 
finely powdered urethane foam waste so as to improve the 
10 filling performance of the finely powdered urethane foam 
waste, thus minimizing the pore size. As a result, the 
vacuum insulation material shows excellent insulation 
performance. 

Since being made of the waste materials which have 
15 been cut out as integral units of the rigid urethane foam 
and the vacuum insulation material in separating process 
3 without being pulverized together with other units, 
particle board 13 contains very few impurities, thus 
showing more excellent insulation performance than in 
20 the eighth embodiment . 

ELEVENTH EXEMPLARY EMBODIMENT 

Refrigerator 31 as an example of an eleventh 
embodiment is shown in Fig. 11. Refrigerator 31 is a 
multi thermal insulation material type refrigerator 
25 provided with rigid urethane foam and vacuum insulation 
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material which has inorganic material as the core 
material. The outer box of the refrigerator has control 
display panel 32 fixed thereon to indicate the use of 
vacuum insulation material in the refrigerator. 
5 As control display panel 32, it is possible to use 

a SmartMedia card with information stored thereon, a 
plate with a bar code stored thereon or the like so that 
the information stored can be read electronically in the 
discriminating process, thus efficiently changing the 

10 method for processing the refrigerator. 

The vacuum insulation material used in the present 
invention is formed of a core material and a packaging 
member, and the core material is sealed into the packaging 
member under a reduced pressure. To maintain vacuum in 

15 the vacuum insulation material for a long period of time, 
the packaging member can contain a water absorbent and 
a gas absorbent such as a physical absorbent like 
synthetic zeolite, active carbon, active alumina, silica 
gel, dawsonite or hydrotalcite , or a chemical absorbent 

20 like an oxide or hydroxide of an alkali metal or an alkali 
earth metal. It is also possible to provide a process 
of drying the core material before the vacuum sealing. 

The packaging member used in the present invention 
can be made of material capable of blocking the core 

25 material from the outside air. Examples of such material 
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include: thin metal plates of stainless steel, aluminum 
and iron; and laminate members of these thin metal plates 
and plastic films. The laminate member preferably has 
a surface protection layer, a gas barrier layer and a 
5 heat adhesive layer. The surface protection layer can 
be made of polyethylene terephthalate stretch film or 
polypropylene stretch film. In addition, providing 
nylon film outside can improve flexibility, thus 
improving bendability . 

10 The gas barrier layer can be made of metal foil or 
metallized film by using aluminum or the like. To reduce 
heat leak and to have more excellent insulating effects, 
the metallized film is more preferable. It is preferable 
to metallize on the surface of film such as polyethylene 

15 terephthalate film, ethylene-vinyl alcohol copolymer 
film, or polyethylene naphthalate film. 

The heat adhesive layer can be made of low density 
polyethylene film, high density polyethylene film, 
polypropylene film, polyacrylonitrile film, unstretched 

20 polyethylene terephthalate film or the like. 

The inorganic material used in the present 
invention can be applied in various forms such as fiber, 
powder, porous body and foam. The fiber can be an 
inorganic material fiber such as glass wool, ceramic 

25 fiber or rock wool, and can be in any form such as 
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non-woven fabric, textile or cotton. It is also possible 
to use organic binder to make the inorganic fiber an 
assembly. The powder can be an inorganic material powder 
such as agglomerated silica power, crushed powder of 
5 foamed perlite, diatomaceous earth powder, calcium 
silicate powder, calcium carbonate powder, calcium 
carbonate powder, clay or talc. The porous body can be 
an inorganic oxide aerogel such as a silica aerogel or 
an alumina aerogel. It is also possible to use a mixture 

10 of two or more kinds of them. 

The term "the percentage of inorganic material 
content" used in the present invention indicates the 
weight percentage of inorganic material in the waste 
thermal insulation materials, and is calculated by 

15 putting the weight of the inorganic material in the mixed 
waste materials containing rigid urethane foam and 
inorganic material in the numerator, and by putting the 
sum of the rigid urethane foam weight and the inorganic 
material weight in the denominator. That is^ the weight 

20 of the inorganic material divided by the sum of the rigid 
urethane foam weight and inorganic material weight makes 
the percentage of inorganic material content. The 
inorganic material content is adjusted to be not less 
than 0.01% nor more than 99.99% in accordance with the 

25 desired properties of the recycled article to be made 
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from the waste thermal insulation materials. Although 
the appropriate percentage of inorganic material content 
differs depending on the desired physical properties of 
the recycled article, when the inorganic material is 
5 regenerated as the core material of vacuum insulation 
material, it is preferably not less than 0.1% nor more 
than 20%. 

It is industrially difficult to make the inorganic 
material content less than 0.01 or more than 99.99%. 

10 In the embodiments, one approach to the adjustment 

of the percentage of inorganic material mixture is to 
mix the rigid urethane foam and inorganic materials 
recovered from multi thermal insulation materials with 
the rigid urethane foam recovered from single thermal 

15 insulation materials in such a manner as to have a uniform 
percentage of inorganic material content. The other 
approach is to remove some amounts of inorganic material 
from the mixed waste materials containing rigid urethane 
foam and inorganic material recovered from the multi 

20 thermal insulation materials in such a manner as to have 
a uniform percentage of inorganic material content. 
However, these are not the only approaches applicable 
for the present invention. Note that the thermal 
insulation material containing rigid urethane foam and 

25 vacuum insulation material having a glass fiber assembly 



36 

as the core material is referred to as the multi thermal 
insulation material, whereas the thermal insulation 
material not containing vacuum insulation material is 
referred to as the single thermal insulation material. 
5 For the separation of the inorganic material, it 

is possible to use classifying technique such as dry 
classification, wet classification or sieving. Gravity 
separation is also applicable. It is preferable to 
select an appropriate approach of separation in 

10 accordance with the features of the inorganic material 
to be used and with the properties of the mixed waste 
materials shown after the pulverizing process or the 
separating process. 

For the pulverization in the pulverizing process 

15 in the present invention, general-purpose crushers such 
as preshredders and one-axis car shredders can be used. 
It is also possible to combine two or more kinds of 
crushers so that fine crushing can be performed after 
rough crushing. 

20 The term ''particle board" used in the present 

invention indicates a board made of organic or inorganic 
material in particulate or powdered form by using 
pressure, heat or binder. The particle board has only 
to contain the waste thermal insulation materials at 

25 least in part. The binder can be an organic or inorganic 
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material binder capable of binding particles containing 
waste multi materials. As the organic material binder, 
it is possible to use thermoplastic or thermosetting 
resin which is generally used. Examples of the 
thermoplastic resin include: polypropylene, 

polyethylene, polystyrene, a 

styrene-butadiene-acrylonitrile copolymer , polyamide, 
polycarbonate, polyacetal and polyethylene 

terephthalate . Examples of the thermosetting resin 
include: phenol, urea, melanine andurethane. These can 
be used solely or in a mixture of two or more kinds. As 
the inorganic binder, it is possible to use an inorganic 
material that functions as a binding material such as 
water glass, colloidal silica, silica sol or alumina sol. 

The refrigerator according to the present invention 
is applicable not only as a refrigerator used between 
-30°C and normal temperature which is the normal 
operating temperature range, but also as a refrigerator 
making use of heating and cooling in a wider temperature 
range, such as a vending machine. The refrigerator also 
can be a gas refrigerator as well as an electric 
refrigerator . 

As the discriminating means used in the present 
invention , it is possible ( 1 ) to provide a control display 
panel indicating that the refrigerator has vacuum 
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insulation material or (2) to provide a bar cord 
indicating that the refrigerator contains vacuum 
insulation material, the weights of the core material 
and rigid urethane foam so as to perform automatic 
5 discrimination; however, the present invention is not 
limited to these means. As shown in Fig. 11, the 
discriminating means is preferably displayed or recorded 
on the outer box of the refrigerator, and more preferably, 
on the rear surface. The reason for this is that the side 

10 surfaces or the front part of the top surface may have 
stickers pasted thereon while being used in ordinary 
households, and consequently the sensor function for 
discrimination may be damaged. On the other hand, 
providing the discriminating means inside the 

15 refrigerator requires an internal search sensor, thus 
complicating the discriminating process. In contrast, 
the rear surface of the refrigerator is usually in the 
vicinity of a wall, thus maintaining its original 
condition and having few chances of damaging the sensor 

20 function. 

The glass fiber assembly used in the present 
invention is a fibrous aggregate composed of glass 
compositions such as A-glass, C-glass and E-glass, 
whether it is short fiber or long fiber, or whether it 

25 uses a binder or not. In addition, the glass fiber 
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assembly can be used in the form of raw cotton or mat. 
Tbe short fiber made by centrif ugation is particularly 
preferable because it has a track record as a recycled 
raw material, and is also inexpensive. In manufacturing 
5 the vacuum insulation material, it is preferable to mold 
it with a binder because of the easier insertion into 
the packaging member, excellent size stability and other 
advantages. 

10 INDUSTRIAL APPLICABILITY 

In order to contribute to the recycling of thermal 
insulation material containing rigid urethane foam and 
vacuum insulation material, the present invention 
provides a method for recycling thermal insulation 

15 material in such a manner that mixed waste materials can 
have a uniform quality and be reused at high quality, 
and also provides a recycled article. The present 
invention also provides a refrigerator that enables mixed 
waste materials to have a uniform quality and to be reused 

20 at high quality in order to contribute to the recycling 
of thermal insulation material containing rigid urethane 
foam and vacuum insulation material. Thus, the present 
invention can improve the rate of recycling of waste 
refrigerators, thus contributing to the recycling, and 

25 can also provide an energy-efficient and 
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environment -friendly refrigerator. Therefore, the 
present Invention has Industrial significance. 



